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(57) ABSTRACT

A portable system 1s provided for foam injection. The
system 1ncludes two or more tanks of foam-producing
components; a pump associated with each of the two or more
tanks; a length of modified conduit; a conduit interjector;
and a wireline system. The conduit is pushable by the
injector mnto cavities to be injected with foam and extract-
able therefrom. A method 1s further provided for foam
injection at a remote location. The method includes the steps
of transporting the portable system to the remote location;
injecting the modified conduit 1into a distal end of a cavity to
be foamed; pumping the foam-producing components from
the two or more tanks via the pumps, each through a
component line running through the modified conduit; form-
ing and expansion of a foam by the foam-producing com-
ponents exiting a nozzle of the modified conduit and con-
tacting one another; and pulling the modified conduit from
the distal end of the cavity to a proximal end of the cavity,
while foaming the cavity from the distal end to the proximal

end as the modified cavity 1s pulled.

19 Claims, 6 Drawing Sheets
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1
PORTABLE FOAM INJECTION SYSTEM

FIELD

The present disclosure relates to a portable system and a 5
method for foam 1njection.

BACKGROUND

Orphaned wells are decommissioned 1 a number of 10
ways. One traditional system involves pulling any produc-
tion strings or other pipe out of the well and then pumping
cement down into the well, which may or may not be cased
or lined. The traditional cementing process requires signifi-
cant equipment and set up, and a large number of operators. 15
Since orphaned wells are 1n remote and varied locations,
transportation to such sites 1s a challenge and there 1s
typically little existing infrastructure at such sites.

Systems are known for mjecting foam into surface cavi-
ties for construction applications, and sometimes 1n surface 20
or underground pipelines (not wells) 1n which a hose system
1s pulled through the pipeline by a robotic mechanism and
the retracted back once the foaming 1s complete, there 1s no
ability to push and pull the hose and 1t would not be useable
in a vertical well. 25

U.S. Pat. No. 8,857,526B2 teaches an inflatable foam
packer configured for self-deployment 1n a well. The foam
packer may be primarily an open or closed-cell polymer
foam positioned downhole 1n a pre-compressed state. Sub-
sequently, the packer may be released from a housing for 30
seli-deployment and engagement with a wall of the well.
Such a packer may serve the conventional purpose of a
downhole packer or other similar restriction devices.

U.S. Pat. No. 7,617,873B2 teaches an apparatus having a
fiber optic tether disposed 1n coiled tubing for communicat- 35
ing information between downhole tools and sensors and
surface equipment and methods of operating such equip-
ment. Optical tools or sensors may be the tools or sensors of
the coiled tubing operation. Stimulation performed using the
colled tubing apparatus comprising a fiber optic tether 40
include well treatment fluid introduced into a wellbore
through coiled tubing. The treatment fluild may be 1intro-
duced using one of the various tools known 1n the art for that
purpose, e.g., nozzles attached to the coiled tubing.

WO9735093A1 presents a method and apparatus for 45
performing well operations, such as measuring or forming or
testing or treating or the like, including the use of coiled-
in-coiled tubing (CCT) connected to a bottom hole assembly
package (BHA), such that the assembly 1s 1n commumnication
with both fluud conduits defined by the coiled-in-coiled 50
tubing. Treating might also refer to the addition of one or
more substances including foam. A wireline can extend
through one of the two coiled-in-coiled tubing conduits to
establish electrical communication between the surface and
the bottom hole assembly package. 55

Hose and flexible tubing systems currently deployed are
often not robust enough to withstand wellbore conditions
and tend to be easily damaged. As well, while hose and
flexible tubing systems may be more easily deployable 1n
vertical wells where there 1s gravity to assist in lowering the 60
hose, they are too flexible and soit to be pushed into
horizontal wells. Other systems 1n the prior art tend to be
large and cumbersome and also require multiple pieces of
equipment and operators.

A need therefore exits in the art for a system that 1s 65
transportable, compact and relatively contained for transit to
remote locations for foam injection operations, one example
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of which could be orphaned well sites. The system should
also be rugged enough for deployment in long or deep
cavities, including for example both horizontal and vertical
wells.

SUMMARY

A portable system 1s provided for foam injection. The
system comprises two or more tanks of foam-producing
components; a pump associated with each of the two or more
tanks; a length of modified conduit; a conduit interjector;
and a wireline system. The conduit is pushable by the
injector 1mnto cavities to be 1njected with foam and extract-
able therefrom.

A method 1s further provided for foam injection at a
remote location. The method comprises the steps of trans-
porting the portable system described above to the remote
location; 1injecting the modified conduit into a distal end of
a cavity to be foamed; pumping the foam-producing com-
ponents from the two or more tanks via the pumps, each
through a component line running through the modified
conduit; forming and expansion of a foam by the foam-
producing components exiting a nozzle of the modified
conduit and contacting one another; and pulling the modified
conduit from the distal end of the cavity to a proximal end
of the cavity, while foaming the cavity from the distal end
to the proximal end as the modified cavity 1s pulled.

It 1s to be understood that other aspects of the present
disclosure will become readily apparent to those skilled 1n
the art from the following detailed description, wherein
vartous embodiments of the disclosure are shown and
described by way of illustration. As will be realized, the
disclosure 1s capable of other and different embodiments and
its several details are capable of modification in various
other respects, all without departing from the spirit and
scope of the present disclosure. Accordingly the drawings
and detailed description are to be regarded as 1llustrative 1n
nature and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

A further, detailed, description of the disclosure, brietly
described above, will follow by reference to the following
drawings of specific embodiments of the disclosure. The
drawings depict only typical embodiments of the disclosure
and are therefore not to be considered limiting of 1ts scope.
In the drawings:

FIG. 1 1s side elevation view of one embodiment of the
present skid mounted system;

FIG. 2 1s a top perspective view of the skid mounted
system of FIG. 1;

FIG. 3 1s a top perspective view of the skid mounted
system of FIG. 1 1n a ready for transport position, together
with trucks providing chemical component supply;

FIG. 4 1s a top perspective view ol the skid mounted
system of FIG. 1 1n a wireline deployed position;

FIG. § 1s a top perspective view ol the skid mounted
system of FIG. 1, 1n a gooseneck deployed position;

FIG. 6A 1s a partial cutaway perspective view of one
embodiment of the present modified coiled tubing, showing
components carried therein; and

FIG. 6B 1s a partial cutaway perspective view of one
embodiment of the present modified tlexible tubing, show-
ing components carried therein.

The drawings are not necessarily to scale and in some
instances proportions may have been exaggerated 1n order to
more clearly depict certain features.
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DETAILED DESCRIPTION

The description that follows and the embodiments
described therein are provided by way of illustration of an
example, or examples, of particular embodiments of the
principles of various aspects of the present disclosure. These
examples are provided for the purposes of explanation, and
not of limitation, of those principles and of the disclosure in
its various aspects.

The present invention relates to a portable system for high
density foam 1njection. The present system can be used, 1n
one example, mstead of a complex cementing process for
decommissioning orphaned wells. The present system and
all of 1ts elements can be contained on a truck tlatbed or as
a skid and thus provides a small footprint and portability. A
larger trailer mounted system could also be used for larger
applications or deeper wells.

The present system uses a high density, multi-component
foam 1n which one or more chemical components are
injected 1nto the well, where they mix and form the foam.
The foam types are similar to those used 1 building con-
struction applications such as foam insulation, or 1 foun-
dation repairs or stabilizing work above ground. In such
cases, the above ground foam injection system used is not
particularly sturdy or robust. The foam types should meet
environmental safety 1n terms of impact to ground water or
other protected resources.

In one application of the system, the chemical compo-
nents can be 1njected into wells such as orphan wells, where
the foam forms and expands to fill the well. In such uses,
lower volumes of the chemical components are needed to
completely fill the wells, leading to less material needing to
be transported to the well site.

It would be understood that the system of present disclo-
sure¢ can also be used in any circumstance where foam
injection 1s need in remote or space constricted environ-
ments.

With reference to the attached drawings, all of the com-
ponents of the system 100 are containable on a truck
mounted skid 2, including tanks 4A/B of the foam-produc-
ing chemical components, chemical pumps 6 A/B and asso-
ciated motors 26 A/B, a reel 8 of modified conduit 40, said
modified conduit 40 being either a modified coil tubing (CT)
10 or a modified flexible hose 12, a conduit interjector 20
and goose neck lead 22, and a wireline system 24. A
generator 30 also located on the skid 2 can provide local
power to all elements of the system 100.

In preferred embodiment, a control room 28 1s also
provided, more preferably 1n the form of a cab which can be
raised and lowered from the skid. The cab can be raised for
case of monitoring levels 1n tanks 4A/B, better visibility of
wellhead 34, and for maintenance of equipment located
under the cab, and can be lowered for transport.

The control room 28 allows central control of the wireline
system 24, 1mjector 20 and goose neck 22, pumps 6A/6B,
and power/sensors 1n the present modified CT 10 or flexible
hose 12, as described below.

With reference to FIGS. 6 A and 6 AB, the present system
100 includes a modified CT 10 or flexible hose 12 that can
be run on the reel 8. The modified coiled tubing 10 1s
standard coiled tubing and the modified flexible hose 12 1s
standard tlexible hose that can be used with a standard coiled
tubing 1njector to be run downhole. The modification lies in
what 1s contained within the coiled tubing 10 or hose 12.

The modified coiled tubing 10 or flexible hose 12 1s filled
with 1nsulation 14. Run through the insulation are, for
example, two lines 16 A/B carrying each of the chemical
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components of the foam, pumped by pumps 6 A/B from the
tanks 4A/B on the skid 2. It would of course be understood

by a person of skill in the art that the number of tanks 4,
pumps 6, motors 26 and lines 16 will depend on the number
of chemical components used to form the foam. The modi-
fied coiled tubing 10 or flexible hose 12 may also include
heat tracing 18 to maintain the chemical components at a
suitable temperature, which 1s particularly useful for winter
operations.

An optional power/sensor cable line 17 allows for the
running of a camera, sensors or other electrical equipment to
monitor the operation and well condition. The optional
camera and sensors allow accuracy of placement of the
foam. Camera and sensor data can be viewed in control
room 28 and operational decisions made therefrom. The
power/sensor cable line 17 can preferably be made in the
form of fiber optic cables.

An optional purge line 19 provides compressed gas or air

to clean out a nozzle head (not shown) at the far end of the
modified CT 10 or flexible hose 12, through which the

chemicals combine to make the foam. A source of com-
pressed gas or air (not shown) can also be included on the
skid 2, or purge line 19 can be connected to a local source
at the wellsite.

It has been found that by containing all of these elements
in standard coiled tubing, a standard coiled tubing injector
can be used to run the system downhole. By containing
clements within flexible but rigid tubing, the elements are
protected from wear as they are deployed downhole.

The modified CT 10 1s robust and provides the ability to
push the CT 10 downhole into the well and pull 1t up, unlike
a more sensitive foam 1njection system used 1n above ground
building construction applications. This robust push and pull
ability also allows for use of the present system not only 1n
vertical wells but also 1n horizontal wells and other foaming
locations that are deep or otherwise deviated or diflicult to
reach.

In foaming operations 1n shallow or vertical wells, the
flexible hose 12 can provide a less expensive option where
there 1s less need to pull or push over great distances.

With references to FIGS. 3-6, 1n operation, the tanks 4A/B
of the present system 100 would be filled with their respec-
tive foam-making chemical components. This could be done
at a central filling station from stationary sources, or as
illustrated 1n FIG. 3, could be done from tank trucks 32 at a
central or remote location.

As seen 1n FIG. 4, once at the wellhead 34, the wireline
system 24 can optionally be deployed down the well to scan
the wellbore and take necessary measurements ahead of
foaming. The wireline system 24 may deploy any number of
types of sensors and may include a camera, temperature
sensor and calipers among others, for returning well infor-
mation useful in determining the foam requirements.

It would be well understood by a person of skill 1n the art
that use of the wireline system 24 to determine location
conditions 1s optional and may not be required 1n all opera-
tions.

Once the wellbore conditions are determined, the foaming
operation can begin.

With reference to FIG. 5, the mjector 20 and mounted
gooseneck 22 are connected to the wellhead 34 and the
modified CT 10 or flexible hose 12 are mjected from reel 8
through the gooseneck 22 and into the well. The modified
CT 10 or hose 12 are 1njected all the way to the far end of
the well (often called the toe end 1n horizontal wells). At this
point pumping of the chemical components can begin.
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Chemical components are pumped {from tanks 4A/B via
pumps 6 A/B down through lines 16 A/B and into the toe end
of the well via a nozzle (not shown). As the chemical
components exit the nozzle and come 1nto contact with one
another, the foam forms and expands. Sensors and cameras
in power/sensor cable line 17 allow operators to observe and
collect data on foaming operations from control room 28. As
foaming proceeds, the modified CT 10 or hose 12 1s pulled
uphole by injector 20, foaming the well from far end to near
end as 1t 1s pulled out of hole. Insulation 14 and optional heat
tracing 18 contained 1n the modified CT 10 or hose 12 ensure
that the chemical components are kept at predetermined
temperatures as needed. Should any clogging of the nozzle

occur, pressurized air from purge line 19 can be supplied to
unclog the nozzle.

While the present portable system 100 1s described above
for use 1n foam filling of orphan wells, 1t would be under-
stood by a person of skill in the art that other remote or
otherwise maccessible foaming operations can also be con-
ducted by this system. The present system allows for scan-
ning and foaming operations with quick set up and eflicient
operation. The presence of the power/sensor cable line 17
provides accuracy of foam placement to meet quality
requirements and legislation. The system presents a small
and portable footprint containing all of the equipment
needed for application.

The previous description of the disclosed embodiments 1s
provided to enable any person skilled in the art to make or
use the present disclosure. Various modifications to those
embodiments will be readily apparent to those skilled 1n the
art, and the generic principles defined herein may be applied
to other embodiments without departing from the spirit or
scope of the disclosure. Thus, the present disclosure 1s not
intended to be limited to the embodiments shown herein, but
1s to be accorded the full scope consistent with the claims,
wherein reference to an element 1n the singular, such as by
use of the article “a” or “an” 1s not intended to mean “one
and only one” unless specifically so stated, but rather “one
or more”. All structural and functional equivalents to the
clements of the various embodiments described throughout
the disclosure that are known or later come to be known to
those of ordinary skill 1n the art are intended to be encom-
passed by the elements of the claims. Moreover, nothing,
disclosed herein 1s intended to be dedicated to the public
regardless of whether such disclosure 1s explicitly recited in

the claims.

The 1nvention claimed 1s:
1. A portable system for foam 1injection, said system
comprising;
a. two or more tanks of foam-producing components;
b. a pump associated with each of the two or more tanks;
c. a length of modified conduit said modified conduit
comprising:
1. isulation filling an nside volume of the conduait;
11. two or more component lines running through the
insulation, each line for carrying one of the foam-
producing components from the two or more tanks;
and
111. a nozzle head connected to an injection end of the
modified conduit, through which the foam-produc-
ing components combine to make the foam:;
d. a conduit 1njector; and
¢. a wireline system,
wherein the conduit 1s pushable by the conduit 1njector nto
cavities to be mjected with foam and extractable therefrom.
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2. The system of claim 1, wherein the modified conduit 1s
selected from modified flexible hose and modified coiled
tubing.

3. The system of claim 2, further comprising a control
room housing control elements for central control of the
wireline system, injector, pumps, and elements 1 the modi-
fied coiled tubing.

4. The system of claim 3, wherein the control room
comprises a cab, said cab being raisable for monitoring
levels 1n tanks, better visibility and maintenance of equip-
ment located under the cab; and said cab being lowerable for
transportation.

5. The system of claim 1, wherein the modified conduit
turther comprises heat tracing run therethrough to maintain
the foam-producing components at a predetermined tem-
perature.

6. The system of claim 5, wherein the modified conduit
further comprises a power/sensor cable line run therethrough
for deployment of one or more instruments selected from a
camera, one or more sensors and electrical equipment to
monitor foaming operations and conditions.

7. The system of claim 6, wherein camera, sensor and
clectrical equipment data are viewable 1n the control room.

8. The system of claim 6, wherein the power/sensor cable
line 1s 1n the form of fiber optic cable.

9. The system of claim 1, further comprising a purge line
for providing compressed gas or air to the nozzle head.

10. The system of claim 9, wherein compressed gas or air
1s supplied to the purge line from a source of compressed gas
or air mounted to the system or from a source of compressed
gas or air at a site of foam 1njection operations.

11. The system of claim 1, wherein the portable system 1s
mountable to a skid, truck flatbed or trailer for transportation
to a site.

12. The system of claim 1, further comprising a generator
for providing local power to the system.

13. The system of claim 1, wherein the modified conduit
1s run on a reel, said reel being mounted to the portable
system.

14. A method for foam 1njection at a remote location, said
method comprising the steps of:

a. transporting the portable system of claam 1 to the

remote location;

b. mjecting the modified conduit mto a distal end of a

cavity to be foamed;

c. pumping the foam-producing components from the two

or more tanks via the pumps, each through a component

line running through the modified conduit;

d. forming and expansion of a foam by the foam-produc-
ing components exiting a nozzle of the modified con-
duit and contacting one another; and

¢. pulling the modified conduit from the distal end of the
cavity to a proximal end of the cavity, while foaming
the cavity from the distal end to the proximal end as the
modified cavity 1s pulled.

15. The method of claim 14, further comprising main-
taining the foam-producing components at a predetermined
temperatures by means of insulating an interior volume of
the modified conduit and by providing heat tracing in the
modified conduit.

16. The method of claim 15, further comprising unclog-
ging the nozzle by blowing pressurized gas or air through the
nozzle.

17. The method of claim 16, further comprising runmng
sensors and cameras through a power/sensor cable line 1n the
modified conduit to allow observation and data collecting of
foaming operations.
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18. The method of claim 14, further comprising filling the
two or more tanks with foam-making chemical components
from a source selected from a central stationary filling
station or from tank trucks.

19. The method of claim 14, further comprising deploying 5
a wireline system 24 into the cavity before injecting the
modified conduit, to scan the cavity and take measurements

prior to foam injection.
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